M. (1969). Brit. J. industr. Med., 26,[121][122][123][124][125]. Circadian variation of F.E.V. in shift workers. The one-second forced expiratory volume (F.E.V.1.0), the forced vital capacity, and the oral temperature were measured in a group of men working a rotating three-shift system-2 to 10 p.m. one week, 10 p.m. to 6 a.m. the next week, and 6 a.m. to 2 p.m. the third week. The outside air temperature at the London Weather Centre was also obtained. Measurements were made on Mondays and Fridays at the beginning, middle, and end of the shift.
boxes and separators for car batteries. Men were sought who worked a rotating three-shift system, 2 to 10 p.m. one week, 10 p.m. to 6 a.m. the next week, and 6 a.m. to 2 p.m. the third week, and so on. Of the three groups available, one, comprising 27 men, was asked to take part. Every man agreed, but one man was excluded because he was going on holiday. Measurements were made, during August, on Mondays and Fridays for three consecutive weeks starting when the men were on the 2 to 10 p.m. shift. The men's mean age was 33, with a range of 21 to 59 years, and mean height 5 ft. 9 in.
(174 cm.), with a range of 5 ft. 3 in. (160 cm.) to 6 ft. 5 in. (196 cm.) . All the men were Caucasians.
Some of the men were exposed to isophorone and white spirit vapour, others to a little molten pitch fume, and others to a hot humid environment. The physical exertion required for the jobs varied between moderate and heavy.
The (Cotes, Rossiter, Higgins, and Gilson, 1966) . Two of these six men each missed one work-period. Of the remaining 19 'normal' men, none missed a work-period. FIGURE (1) Mean F.E.V.,.,, and (2) Fume and heat Exposure to fume or a hot humid environment did not appear to affect the results. The mean F.E.V.s of the four men exposed to molten pitch fume, the three men most exposed to isophorone and white spirit vapour, and the four men exposed to a hot humid environment all showed similar changes.
F.E.V.L.0 of abnormal men The mean F.E.V.1.0 of the six abnormal men (Table 3) showed a similar pattern to that of the normal men, but the mean increase between the beginning and end of the two morning shifts, 021 litre (7 3 %), was greater than in the normal men.
F.V.C. of normal and abnormal men The mean F.V.C. of the normal men (Table 1) varied in a similar manner to the mean F.E.V. (Figure) showed an increase of 1-8°F. and 1-50F. between the beginning and end of the morning shift on Monday and Friday respectively. There were small increases of 030F. and 0-20F. between the beginning and end of the afternoon shifts, and small decreases of 0-60F. and 0-40F. between the beginning and end of the night shifts. The mean oral temperature was about 0-50F. lower on Fridays than on Mondays during both the afternoon and night shifts. The size and phase of the circadian variation of oral temperature observed in these workers over three eight-hour shifts were similar to the findings in normal subjects throughout 24 hours (e.g., Kleitman, 1963) . There was some positive association between the mean F.E.V.1.0 and mean oral temperature on the morning and night shifts, but on the afternoon shifts the association tended to be negative; there appeared to be a more consistent association between the mean F.E.V.1.0 and the outside air temperature (Figure) . The temperatures where the men worked varied widely and were not measured.
Discussion
The results show a circadian variation of F.E.V.1.0 in these shift workers. Since there was an initial experiment to compare observer-instrument combinations, and the survey started with the afternoon shift, the increase in F.E.V. during the morning shifts cannot be attributed to a learning effect. Nor can the circadian variation be attributed to the effect of fume, a hot environment or smoking; men exposed and not exposed to fume and a hot environment were found to give similar patterns, and so were smokers and non-smokers. No Lewinsohn and his colleagues (1960) found an increase in F.E.V.1.0 of 2-9 % between 6 a.m. and 8 a.m.
in five healthy men, and a much larger increase (36 to 60%) in patients with obstructive airways disease; F.V.C. changes were similar. Walford and her co-workers (1966) , studying the F.E.V.0.75 in shift workers in cotton mills, found in three separate groups of workers a mean increase during the morning shift and mean decreases during the afternoon and night shifts. The increase during the morning shift was more marked among workers with persistent cough and phlegm.
The present study indicates that shift workers without evidence of pulmonary disease may show an increase of some 0-15 litre in F.E.V.1.0 during the morning shift and a fall of some 0-05 litre in F.E.V.1.0 during the afternoon shift.
These findings will be of practical importance when determining the acute and chronic effects of toxic substances on ventilatory capacity in shift workers.
